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Active forest management alters the resources available to forest-obligate species. Large-scale
intensive management practices where timber production is the primary objective can lead to notable
ecological changes in forest ecosystems. A key concept of ecological forestry is to design forest
management activities to emulate natural disturbance regimes as a way to maintain the ecological
integrity of forests. The Acadian Forest Ecosystem Research Program (AFERP) was undertaken as an
experimental demonstration of management reflective of the region’s disturbance regime, which
typically produces small canopy gaps. AFERP includes nine research areas assigned to three silvicultural
treatments: unharvested control, small gap (expanding-group selection with reserves), and large gap
(irregular expanding-group shelterwood with reserves). Initial harvests took place in the winter of 1995
and two subsequent harvests have been conducted, every 10 years, making AFERP the longest running
experimental study of these silvicultural treatments. Using a territory mapping approach, the avian
assemblage was surveyed from 1995-1998 and again in 2020-2021. A significant decline in the
abundance and diversity of birds was noted between the early set of surveys and the most recent
surveys, regardless of treatment. Despite these declines, composition of the avian assemblage remained
similar among treatments. The majority of bird species found on territory mapping surveys are declining

in abundance region-wide with species-specific changes in abundance at AFERP mirroring those
observed at larger scales. These results indicate that the natural disturbance-based silviculture systems
studied here retained the mature forest bird assemblage over the course of multiple harvest entries.
Natural disturbance-based forest management has the potential to meet the objectives of many
landowners.
Retention of mature trees within harvested gaps is a component of ecological forestry as these
trees support natural regeneration and promote structural diversity post-harvest. At present three types
of harvests gaps exist at AFERP: small, expanded-small, and large. Retention, in both the form of longterm reserve trees and overwood, is present in each gap type. Avian use of these retention trees was
recorded via observational surveys conducted in each gap type. Avian preference for tree type, gap
type, and tree type within each gap type was calculated using a Vanderploeg-Scavia index for each of
the nine bird species most frequently observed during observational surveys. Birds generally avoided
small gaps and preferred larger gap sizes; however small gaps are a necessary part of the silvicultural
system. Bird preferences for tree type was stronger than for gap types, each bird species most strongly
preferred a different type of tree and those preferences were broadly consistent with the forest type
associations of each species. All nine bird species are forest-obligates and their use of retained trees
within gaps indicates that these trees act as important resources for forest birds in areas where such
resources might not otherwise exist. These results support selecting a diverse set of tree species for
retention within harvested gaps in order to support a diverse group of forest birds.
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CHAPTER 1
EXPERIMENTAL NATURAL DISTURBANCE-BASED SILVICULTURE SYSTEMS MAINTAIN MATURE FOREST
BIRD ASSEMBLAGE LONG-TERM IN MAINE (USA)
Abstract
Natural disturbance-based silvicultural systems are forestry approaches that emulate ecological
patterns and processes and are assumed to accommodate native bird assemblages better than
conventional alternatives. The Acadian Forest Ecosystem Research Program (AFERP) represents the
longest-running experimental application of expanding gap approaches to ecological forestry in the
northeastern US. This project assessed long-term ecological effects of two expanding gap silvicultural
systems (irregular expanding-group shelterwood with reserves and expanding-group selection with
reserves) as indicated by the abundance, diversity, and composition of the bird assemblage associated
with mature forest conditions. Birds were surveyed using a territory mapping method during three
periods: pre-harvest, immediately after initial gap creation, and twenty-five years later after the third
harvest entry. Declines in bird abundance and diversity occurred in all treatments and paralleled
declines in abundance observed at regional scales, suggesting that treatments did not cause declines.
Species-specific responses varied, but 65% were similar to regional population changes. Assemblage
similarity among treatments was stable through time. The natural disturbance-based silvicultural
systems studied did not disrupt the mature forest bird assemblage following three harvest entries
despite declines in abundance and two measures of diversity. Minor changes in the structure of the bird
assemblages were noted, which corresponded to habitat elements associated with the gap harvests.
Natural disturbance-based approaches to forest management have broad potential to meet landowner
objectives while minimizing negative ecological impacts on mature forest ecosystems.
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Introduction
Ecological forestry is the management of forests based on natural disturbance processes, with
the intent of retaining ecologically significant structures and functions (Seymour and Hunter, 1999).
Structural and functional complexity in silviculture has received greater attention as ecological forestry
became prominent on public lands over the last three decades (D’Amato et al., 2017; Fahey et al., 2018).
All active forest management alters the structure of forest vegetation and changes the availability of
resources and habitat features needed by forest-obligate wildlife (Seymour and Hunter, 1999; Demarais
et al., 2017). Clearcutting simplifies the structure of forests by removing most trees while partial harvest
methods retain greater structural diversity by leaving a significant portion of trees standing.
Consequently, well-designed partial harvests can support forest health over decades (Rogers et al.
2018). Small-scale disturbances that create gaps are a natural feature of Acadian forests and other
temperate forest systems (Lorimer 1977; Runkle, 1982; Seymour et al. 2002, Battles et al., 2017). Multiaged, gap-based silvicultural methods, including group selection, single tree selection, and expandinggap irregular shelterwood, aim to emulate natural gap dynamics with active management (Seymour et
al., 2002). Gap-based approaches to forest management are appropriate in this region to promote
regeneration of a diverse group of tree species and create heterogeneous forest structure while
extracting forest products (Kern et al., 2017).
Evaluating avian response to forest management can inform the understanding of ecological
impacts of silvicultural systems, because bird assemblages can act as a proxy for ecosystem integrity at
multiple spatial scales (Canterbury et al., 2000; Gregory and van Strien, 2010; Drever et al., 2008;
Hudson et al., 2017). Monitoring of bird assemblages is an effective and efficient method to obtain a
proxy of forest condition (Larrieu et al., 2018), and species richness of woody plants (Kati et al., 2004).
Long-term monitoring efforts have revealed that many breeding bird species across North America are
declining in abundance (Sauer et al., 2020), including long-distance migrants that use mature forests in
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the northeast USA (Rosenberg et al., 2019). Identifying forest management approaches that limit
negative impacts on forest birds is an important conservation goal.
Gap-based forest management is often compatible with the persistence of mature forest birds
(Lent and Capen, 1995; Campbell et al., 2007; Tozer et al., 2010). Meta-analysis of small-scale
disturbances resulting from active management shows that they typically have a limited impact on
forest bird assemblages and that species-specific responses can be linked to the size of harvested gaps
(Forsman, 2010). However, research conducted immediately post-harvest may overlook medium and
long-term outcomes as forest conditions continually change after harvesting and initial benefits or
drawbacks to some species may be short-lived (Kuussari et al., 2009). More long-term studies are
necessary to assess the persisting legacy of forest management practices on bird communities
(Sallabanks et al., 2000; Sallabanks and Arnett, 2005; Campbell et al., 2012; Duguid et al., 2016).
The Acadian Forest Ecosystem Research Program (AFERP) is a long-term silvicultural experiment,
and provides an ideal opportunity to examine the ecological impacts of gap-based forest management
on bird assemblages over decadal scales. AFERP is a study of two natural disturbance-based silvicultural
methods: irregular group shelterwood with reserves and group selection with reserves. Both involve
entries every ten years over the management cycle and expanding harvest pattern with reserve trees
within the harvested gaps (Saunders and Wagner, 2005). Treatments were designed to mimic a natural
disturbance regime of 1% annual loss of mature trees, typical of Maine’s old-growth forest (Fraver et al,
2009). Gaps at AFERP were created to mimic gap dynamics that results naturally from windthrow, the
most frequent low-intensity disturbance type in the Acadian region (Seymour et al., 2002). The control
research areas represent an unharvested scenario where gaps may occur naturally. AFERP harvests
began in 1995 with actively managed research areas subjected to three harvests, spaced ten years apart,
in which gaps have been expanded. At the onset of AFERP, forest birds were surveyed from 1995 to
1998, a period that spanned immediately before and after initial harvests (Hartley, 2003). No bird
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surveys occurred after 1998 until 2020, at which point a second phase of surveys was initiated. The goal
of this study was to evaluate the long-term ecological impacts of two expanding-gap silvicultural
systems and assess these systems as a management approach to maintain a diverse, mature forest bird
assemblage. Objectives were to 1) compare bird abundance, diversity, and assemblage composition
among three experimental management treatments and among survey periods, and 2) understand how
forest structures and regional bird population trends affect bird assemblages.
Methods
Study Area
Bird surveys were conducted at the Penobscot Experimental Forest (PEF) in Bradley and
Eddington, Maine (44.880051 N, -68.656981 W), a facility jointly operated by the University of Maine
and the US Forest Service. The PEF spans 1618 ha of mixedwood forest in the Acadian forest (Halliday,
1937), which straddles boreal softwood forests to the north and northern hardwood-dominated forests
to the south (Arseneault et al., 2011; Sendak et al., 2003; Carter et al., 2017a).
Within the PEF, the Acadian Forest Ecosystem Research Program (AFERP), a long-term
experiment on natural-disturbance-based silviculture, was established in 1994. AFERP includes nine
experimental units, hereinafter research areas (Fig. 1.1), each roughly 10 ha in size (mean=10.22,
range=9.45-10.9; Table 1.1). Research areas were randomly assigned one of three treatment groups: 1)
a large gap treatment, 2) a small gap treatment, and 3) an unharvested control treatment (Saunders and
Wagner, 2005). The large gap treatment research areas are harvested using an irregular expandinggroup shelterwood with reserves method, in which 20% of the research areas are to be harvested and
regenerated in each of the first five entries (every 10 years) followed by a fifty-year period. The smallgap treatment research areas are harvested under an expanding-group selection with reserves method,
in which 10% of the area is harvested in each entry (every 10 years) over a 100-year time period
(Saunders and Wagner, 2005). During initial and subsequent harvest entries (10 and 20 years later), one
4

replicate (three research areas, one of each treatment) was treated per year, staggered over a three
year period (Table 1.1).

Figure 1.1. Location of research areas. Panel A: nine AFERP research areas (RA) within the Penobscot
Experimental Forest (PEF) which is bounded by a dark line, streams and ponds are displayed in blue, and
roads are represented as light gray lines. Panel B: one complete replicate of AFERP treatments, RA1 is
representative of the large gap treatment, RA2 the small gap treatment, and RA3 an unharvested
control.
Average size of harvest gaps was initially 0.15 ± 0.01 ha (mean ± SE) for the large gap treatment
and 0.07 ± 0.005 ha for the small gap treatment; after two expansions, gaps average 0.42 ± 0.07 ha and
0.22 ± 0.02 ha respectively (Table 1.1). Differences in gap sizes and the expanding nature of the gaps are
illustrated in Fig. 1.1B. A key feature of both treatments is retention of permanent reserve trees within
harvested gaps, to maintain cover and promote regeneration (Carter et al., 2017b). Within large gap
research areas 10% of the initial basal area was designated for permanent retention and 30% was under
the same designation in the small gap; this permanent retention is not to be removed at any point
during the 100-year management cycle (Saunders and Wagner, 2005).
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Table 1.1. Summary of treatments carried out at each research area. Treatment, area, years of harvest,
and mean gap sizes at each entry at AFERP research areas in the Penobscot Experimental Forest, Bradley
and Eddington, Maine.
Research Treatment
Area
Years harvested
First entry
Second entry
Third entry gap
area
(ha)
gap size (ha;
gap size (ha;
size (ha;
mean ± SE)
mean ± SE)
mean ± SE)
1
Large gap
9.51 1995, 2005, 2015
0.18 ± 0.02
0.25 ± 0.05
0.37 ± 0.12
2
Small gap
10.45 1995, 2005, 2015
0.05 ± 0.01
0.12 ± 0.01
0.3 ± 0.03
3
Control
10.39
NA
NA
NA
NA
4
Control
10.48
NA
NA
NA
NA
5
Small gap
10.89 1996, 2006, 2016
0.08 ± 0.01
0.12 ± 0.03
0.2 ± 0.02
6
Large gap
9.87 1996, 2006, 2016
0.13 ± 0.02
0.34 ± 0.10
0.33 ± 0.07
7
Small gap
10.48 1997, 2007, 2017
0.08 ± 0.01
0.1 ± 0.01
0.16 ± 0.02
8
Control
9.45
NA
NA
NA
NA
9
Large gap
10.49 1997, 2007, 2017
0.15 ± 0.02
0.6 ± 0.12
0.68 ± 0.21
Mean
Large gap
9.96
NA
0.15 ± 0.01
0.38 ± 0.06
0.42 ± 0.07
Mean
Small gap
10.61
NA
0.07 ± 0.01
0.11 ± 0.01
0.22 ± 0.02
Mean
Control
10.11
NA
NA
NA
NA

Bird Surveys
Bird surveys followed a standardized territory spot-mapping technique (Svenson and
Williamson, 1969), which resulted in a robust dataset of locations and density of breeding birds over a
large area (Svenson and Williamson, 1969). Parallel transects spaced 50 meters apart were marked to
cover the entirety of each research area. Observers walked the parallel transects in alternating
directions and plotted locations of all birds observed on a paper map. Surveys on subsequent visits to
the research areas started on different corners and transects were walked in the opposite direction of
the previous survey. Each research area was surveyed ten times from mid-May to early-July between
04:18 to 09:30 in 1995, 1996, 1997, 1998, 2020, and 2021. The ten surveys per year in each research
area were scheduled to ensure consistent intervals between survey dates. Two research areas were
surveyed each morning; one survey started a half hour before sunrise and the second started after the
completion of the first, around 07:30. Consequently, each research area was surveyed with five early

6

and five late survey start times in each year. Surveys were not conducted on mornings with sustained
precipitation or high winds (>15km/h).
A territory was defined as detection of an individual of a species in an area on six or more visits
within a season, or observation of adult birds tending to a nest or caring for young at the nest.
Territories were primarily determined based on the locations of singing males and counter-singing
between two or more males. A half territory was defined as a territory (following the rules outlined
above) that overlapped the boundary of the research area, with half or more of the detections that
make up the territory inside the boundary of the research area and the rest outside the boundary (e.g.,
a cluster of six registrations with three inside the research area and three outside was counted as a half
territory). Birds detected on fewer than five visits or only as flyovers were not counted as having
territories and therefore excluded from analyses. Annual abundance was calculated as the total number
of territories for each species at each research area.
Territory mapping does not include metrics commonly used to assess productivity such as
nesting success and fledgling survival (King et al., 2009); as such, these factors were not examined as
part of this research. Habitat use by mature forest obligate bird species varies considerably throughout
the annual cycle (Chandler, 2012) and the territory mapping methodology utilized here only captures a
limited period of avian activity.
Abundance data from each year were organized into the following three categories based on
the timing of the most recent harvest: pre-harvest, first harvest, and third harvest. Pre-harvest included
data from bird surveys conducted prior to any harvesting. First harvest included data from bird surveys
conducted after the first harvest entry at each research area; because of the staggered timing of
harvests (Table 1.1), bird survey data from 1996 and 1997 fall into either the pre-harvest or first harvest
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survey periods, depending on when a particular research area was harvested. Third harvest included
data from 2020 and 2021 bird surveys conducted after the third harvest entry.

Covariate Data
Habitat covariate datasets were compiled from previous forest inventories at AFERP research
areas. These inventories were conducted every five years from 1995 to 2017 as described by Saunders
and Wagner (2005). Data for each research area in each survey period were selected from the inventory
closest in time to the bird survey period. Pre-harvest data were collected from inventories completed in
1995, first-harvest inventory data were from 2000, and third-harvest data were from 2015-17
immediately following harvest of the research areas. To measure the amount of area harvested gap,
percent of area harvested (PAH; harvested area/total area) was calculated in ArcGIS Pro version 2.3.3
(ESRI, Inc., Redlands, California). Habitat covariates from that were highly correlated (>0.7) with one or
more other variables using Spearman’s correlation test were dropped from analyses, with the variable
correlated with the fewest other variables retained. Final covariates calculated using these datasets
included, sapling basal area (ft2/acre), proportion of overstory basal area (POBA) pine, and POBA nonpine softwood.
To assess how changes in overall bird abundance might affect changes in assemblage similarity,
bird abundance was included as a covariate. For this analysis, mean bird abundance was calculated as
the total abundance (number of territories counted) of all bird species at each research area averaged in
each of the three survey periods.
Analyses
All analyses were conducted using R version 4.0.5 (R Core Team, 2021). For all analyses,
statistical significance was determined using an alpha of 0.05.
8

Bird Abundance
Territory mapping generated abundances of each bird species at each research area, defined as
the number of territories counted for a species. Two-way ANOVA was used to test for differences in
total abundance (number of territories) among survey periods and among treatment types
(Abundance~Treatment*Period). Tukey’s HSD was used post-hoc to determine which time periods were
different from one another.
Rank abundance curves were created for each treatment type (control, small gap, and large gap)
in each survey period. Rank abundance curves allow for a visual assessment of the relationship between
relative abundance and species richness and were calculated using the BiodiversityR package (Sarkar,
2008) and plotted using ggplot2 (Wickham, 2016).
For each bird species present, change in abundance at AFERP was calculated as the difference in
mean abundance between 2020-21 and 1995-1998. Change in abundances at AFERP were compared to
regional population trends. Regional (Atlantic Northern Forest Bird Conservation Region) and state
(Maine) Breeding Bird Survey population trends (% yr-1) from 1993-2019 were compiled for each species
present on territory mapping surveys (Sauer et al. 2020).
Species Specific Responses
Non-metric dimensional scaling (NMDS) was conducted to understand compositional responses
of birds among survey periods and treatments by ordinating species by sites (treatments in each survey
period). This allowed for the assessment of similarity among assemblages in ordinal space, as well as the
relationships between assemblages and covariates.
NMDS is a rank-based ordination technique that is useful for examining species and site-level
relationships in ordinal space. To avoid crowding the resulting plot, species found at more than three
research areas in any survey period (n=37) were included in NMDS. NMDS was performed using the
9

metaMDS function of the vegan package (Oksanen et al., 2020); metaMDS runs the monoMDS engine to
conduct the ordination. Data were not transformed prior to ordination, three axes were specified by
default, Morisita-Horn distances were used to maintain consistency with the assemblage similarity
approach, and a maximum of 100 tries was set.
To assess relationships among bird species, assemblages, and covariates, covariates were fit to
the NMDS by linear regression to the result of the ordination, using the envfit function in the vegan
package. Covariates not significantly correlated (p>0.05) with the ordination were not included in the
final plot. To determine if the initial dissimilarity was preserved in two dimensions, stress of the NMDS
was evaluated, with any value below 0.2 used to determine the number of dimensions to be used
(Clarke, 1993). A Shepard plot was used to assess the correlation of the initial data and the solution
reached by the NMDS, a scree plot was used to assess the number of dimensions to include in the NMDS
(Kruskal, 1964).
Bird Diversity
Three diversity indices (Shannon’s H’, species richness, and Shannon’s species evenness) were
calculated for each research area in each year using the vegan package. Shannon’s H’ offers a more
complete understanding of alpha-diversity than species richness or species evenness alone because it
incorporates both metrics (Shannon, 1948). Two-way ANOVAs were used to test for differences in each
diversity index among survey periods and among treatments (Diversity index ~Treatment*Period). Posthoc test Tukey’s HSD was conducted to assess differences among time periods.
Bird Assemblage Composition and Similarity
Three similarity indices—Morisita-Horn, Sorensen, and Jaccard—were calculated using species
abundances summed by treatment (control, small gap, and large gap) within survey periods outlined
previously. All three indices were calculated using the divo package (Sadee et al., 2019), and are
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bounded between 0 and 1 with 1 indicating identical composition between sampling units. The Jaccard
index uses only presence and absence of species while the Morisita-Horn and Sorensen indices account
for species’ abundances (Wolda, 1981); results of all three indices are presented in Table 1.3. A Mantel
test is used to test for significant differences among multiple similarity matrices (Mantel, 1967). The
mantel function in the vegan package was used to test for differences among the similarity matrices of
bird assemblages at each treatment in each survey period.
Results
Bird Abundance
Total bird abundance was lower in the third harvest survey period (F(8,44)=19.39; p=9.148 10^7; Fig. 1.2) than in previous survey periods. Importantly, total bird abundance did not differ among
treatments within each survey period and no interaction effect was noted (p>0.1; Fig. 1.2). Rank
abundance curves indicated that the five most abundant species were similar among survey periods and
treatments, with ovenbird (Seiurus aurocapilla) and black-throated green warbler (Setophaga virens) in
this group in all survey periods and treatments (Fig. A.1); black-and-white warbler (Mniotilta varia)
became one of the five most abundant species among treatments in the third harvest period (Fig. A.1).
The relative abundances of the five most common species in the third harvest survey period were higher
than in earlier survey periods.
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Figure 1.2. Boxplot of total bird abundance (total number of territories at a research area) by treatment
type within each survey period. Two-way ANOVA and Tukey’s HSD showed that abundance was lower in
the third harvest survey period than in previous survey periods, and treatment had no effect on
abundance. Error bars indicate upper and lower quantiles, and mean values are displayed as solid black
circles. Letters indicate groups not statistically different from one another.
Species-Specific Responses
Most bird species (34 of 51) recorded on territory mapping surveys at AFERP research areas are
declining in abundance regionally; 25 bird species decreased concurrently in both AFERP and regional
BBS datasets, eight increased concurrently in both datasets, and 18 showed disagreement between the
two datasets (Table 1.2, Table A.2). Of these 18 species, nine increased between survey periods at
AFERP and are decreasing based on BBS trend estimates, eight species decreased at AFERP research
areas and are increasing based on BBS trend estimates, and one species, mourning dove (Zenaida
macroura) increased regionally but did not change in abundance at AFERP research areas.
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Table 1.2. Regional and local population trends of most abundant bird species. Species level Breeding
Bird Survey (BBS) trends from 1993-2019 at regional (Atlantic Northern Forest Bird Conservation Region;
BCR14) and state levels (Maine; ME) from Sauer et al., 2020 for bird species found on territory mapping
surveys at the Penobscot Experimental Forest in Bradley and Eddington, Maine. Changes in abundance
at AFERP, overall, and by treatment are displayed. Birds are ordered based on relative abundance from
highest to lowest. Abbreviations, common names, and binomial names for bird species can be found in
Table A.1.
Breeding Bird Survey
Change in mean abundance at AFERP
Trend Direction
Trend (% yr-1)
(1990s to 2020s)
BBS
AFERP
Species BCR14
ME
Total Control Small Gap Large Gap
↗
↗
OVEN
0.49
0.26
1.48
1.75
2.04
1.50
↗
↘
NOPA
1.53
0.47
-2.06
-2.21
-2.33
-0.90
↘
↘
BLBW
-0.83
-1.87
-2.35
-1.35
-2.63
-2.13
↘
↗
BTNW
-0.32
-1.18
0.60
0.42
0.42
1.82
↗
↘
REVI
1.2
0.67
-0.44
0.21
-1.29
0.12
↘
↘
BCCH
-0.13
-1.87
-1.33
-1.08
-1.63
-0.63
↘
↘
HETH
-1.52
-2.69
-1.44
-1.13
-1.96
-0.70
↘
↘
RBNU
-1.42
-0.297
-0.66
-0.88
-0.58
0.00
↘
↘
BTBW
-0.05
0.26
-0.74
-1.67
-0.58
0.50
↗
↘
BHVI
1.26
0.54
-0.68
-0.35
-0.42
-0.90
↘
↗
BAWW -2.13
-3.96
2.28
2.04
2.04
3.12
y
y
↗
↘
BRCR
1.42
0.56
-1.31
-1.13
-1.42
-1.10
↗
↗
YBSA
2.26
3.37
0.08
0.46
0.08
-0.03
↘
↘
GCKI
-1.92
-4.18
-1.29
-1.15
-1.79
-0.70
↗
↘a
BLJA
0.89
0.78
-1.51
-1.54
-1.67
-1.07
↘
↘
WIWR
-2.13
-2.71
-0.44
-0.33
-0.42
-0.42
↘
↗
EWPE
-1.89
-2.84
0.04
-0.29
0.21
0.28
↘
↘a
MYWA
-1.86
-3.56
-1.07
-1.08
-0.96
-0.93
↘
↘
SCTA
-1.75
-2.68
-1.00
-1.08
-1.25
-0.57
↘
↘
VEER
-2.34
-3.48
-0.05
-0.83
0.42
0.33
y
↗
↗
PIWA
5.43
3.99
1.03
1.04
0.54
1.60
↗
↘
HAWO
2.15
3.22
-0.62
-0.54
-0.50
-0.63
y
↘
↘
CAWA
-3.83
-4.6
-0.31
-0.13
-0.08
-0.47
↘
↗
MAWA -0.86
-2.32
0.07
0.00
0.08
0.40
a: No territories identified in 2020 or 2021 (n=2)
y: imprecise estimate based on BBS guidance (n=4)

NMDS indicated a stratification of assemblages by time period, with bird species more abundant
in previous surveys more closely aligned with assemblages present in previous survey periods. After 20
tries the NMDS reached a stress of 0.145 at two dimensions, a value that indicated the NMDS preserved
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the rank order dissimilarity and thus additional dimensions were not considered (Clarke, 1993). The
Shepard and scree plots of the NMDS suggested that the NMDS preserved initial dissimilarity in two
dimensions (Fig. A.2); non-metric (R2=0.978) fit indicates that the correlation between the initial
dissimilarity and the distances in the resulting configuration was high (Kruskal, 1964). Bird abundance,
sapling basal area, and PAH were correlated (p<0.05) with axes 1 and 2 of the ordination (Fig. 1.3, Table
1.3). Bird abundance was highly correlated with the first dimension and the two habitat covariates were
moderately to highly correlated with both dimensions.
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Figure 1.3. Non-metric Dimensional Scaling (NMDS) ordination of each research area averaged in each
time period; distances are based on Morisita-Horn similarity index. Habitat variables and mean bird
abundance (Bird.Abund) were fit to the NMDS plot via linear regression to display associations of habitat
variables with bird assemblages and abundances. Percent area harvested is abbreviated as PAH Sapling
basal area, the total basal area of saplings, is abbreviated as Sapling.BA. Species found at more than
three research areas in any survey period (n=37) were included and labelled using species abbreviations.
Abbreviations, common, and binomial names for each bird species can be found in Table A.1.
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Table 1.3. Goodness of fit for covariates correlated with the first two axes of the non-metric dimensional
scaling using linear regression using the envfit function. Habitat covariates that were correlated with one
another based on Pearson correlation coefficients or not significantly correlated (p>0.05) with either
axis of the NMDS were not included.
Variable
Percent Area Harvested (PAH)
Bird Abundance
Sapling Basal Area

MDS1
0.81770
-0.99881
0.74235

MDS2
0.57565
-0.04885
0.67001

R-squared
0.6260
0.6975
0.2187

p-value
0.001
0.001
0.046

Bird Diversity
Shannon’s H (F (8,44)=44.97, p=9.489 10^-9) and species richness (F(8,44)=37.03, p=3.72 10^10) were lower in the third harvest survey period (p<0.01; Fig. 1.4) than in previous survey periods.
Species evenness was lower, though not significantly (p>0.05), in the third harvest period than in
previous surveys and was high (>0.9) in all survey periods. Shannon’s H’, species richness, and species
evenness were not different among treatments within each survey period and no interaction effect was
noted (p>0.1; Fig. 1.4).
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Figure 1.4. Boxplots of Shannon’s H’ diversity index (a), species richness (b), and species evenness (c) for
bird species by treatment type for each survey period. Two-way ANOVAs and Tukey’s HSD were
conducted for each measure; no treatment effects were found though H’ and species richness were
significantly lower in the third harvest survey period. Error bars indicate upper and lower quantiles, and
mean values are displayed as solid black circles. Letters indicate groups not statistically different from
one another.
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Bird Assemblage Composition and Similarity
Morisita-Horn similarity index values among treatments were high (>0.85) within each survey
period (Table 1.4), indicating little difference in the composition of the avian assemblage. A Mantel test
comparing the similarity matrices of bird assemblages at each treatment among survey periods revealed
no difference in assemblage composition (Mantel statistic=-0.6952, p=0.833).
Bird assemblages at each treatment in the third harvest survey period were more similar to one
another than to assemblages from any treatments in the two earlier survey periods (Fig. 1.3). Bird
abundance, the total number of territories in each research area in each survey period, was correlated
in ordinal space with assemblages in the two earlier survey periods (Table 1.3), indicating those survey
periods had greater abundances of birds than the recent survey. This suggests that the previously
described change in total bird abundance explains, at least partially, variation in assemblage similarity in
ordinal space.

Table 1.4. Similarity values of pairwise comparisons of bird assemblages among treatments in each time
period for three similarity indices. All indices are bounded between 0 and 1 with 1 representing identical
assemblages. The Jaccard index only takes into account the presence or absence of species while
Morisita-Horn and Sorensen indices account for abundance of each species.

Pre Harvest
Small Gap
Large Gap
First Harvest
Small Gap
Large Gap
Third Harvest
Small Gap
Large Gap

Morisita-Horn
Control Small Gap
0.90
-0.87
0.92
Control Small Gap
0.92
-0.913
0.91
Control Small Gap
0.91
-0.86
0.90

Jaccard
Control Small Gap
0.70
-0.69
0.73
Control Small Gap
0.72
-0.70
0.73
Control Small Gap
0.66
-0.60
0.72
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Sorensen
Control Small Gap
0.82
-0.81
0.84
Control Small Gap
0.84
-0.82
0.84
Control Small Gap
0.80
-0.75
0.84

Discussion
Bird Abundance
Total bird abundance was lower in the third harvest survey period than the two earlier survey
periods at all AFERP research areas regardless of treatment type (Fig. 1.2), suggesting that the AFERP
treatments did not cause observed declines in bird abundance and that natural-disturbance
management does not negatively impact birds. For a majority of species, changes in abundance on
AFERP bird surveys reflected regional population trend estimates, indicating that observed changes are
more likely explained by broader factors.
The most abundant bird species became more dominant over time regardless of treatment (Fig.
A.1). Moderate changes in numerical dominance of some species suggest decreased species evenness.
Though, species evenness was not significantly different through time (p>0.05) and species evenness
was high (>0.9) in each treatment in all survey periods, indicating similar numerical distribution of
species among treatments and through time. A significant decrease in species evenness along with a
few species becoming more dominant could mean a less diverse bird assemblage in future surveys and,
potentially, a less diverse ecosystem overall; results presented here do not rise to that level, but warrant
continued study over the course of the long-term rotation of these silvicultural systems.
Declines in abundances of eastern and boreal forest bird species have been documented at
regional and continental scales (Rosenberg et al., 2019). Many factors have been suggested for these
declines, such as changes in wintering and migratory stopover habitat (La Sorte et al., 2017), predation
by free-ranging domestic cats (Loss et al., 2013), mortality due to collisions with human infrastructure
(Loss et al., 2014), and climate change (Furnas, 2020). Which of or whether a combination of factors
throughout the annual cycle of migrant birds could be driving the observed declines in abundance of
breeding birds at AFERP research areas is beyond the scope of this study.
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Species-Specific Responses
Nine species exhibited declines in regional and state Breeding Bird Survey (BBS) population
trends yet increased in average abundance at AFERP (Table 1.2); of those species, black-and-white
warbler had the largest increase between the 1995-1998 and 2020-2021 survey periods followed by
black-throated green warbler, common yellowthroat (Geothlipis trichas), white-throated sparrow
(Zonotrichia albicollis), and more distantly by five others (Table A.2). Black-and-white warbler use of
bark substrate for foraging is unique among North American warblers (Kricher, 2020) and the black-andwhite warbler is associated with mature and second growth forest with diverse canopy structure (Clark
et al., 1983). NMDS results indicate that black-and-white warbler was positively associated with
increased sapling basal area and area harvested (Fig. 1.3). Their observed increase in abundance at
AFERP research areas indicates the enhanced structural complexity post-harvest benefits black-andwhite warblers, though increased abundances in control research areas indicate that harvesting only
partially explains observed changes.
Common yellowthroat and white-throated sparrow are both associated with conditions present
in regenerating forests (Guzy and Ritchison, 2020; Falls and Kopachena, 2020). Several studies of avian
response to silviculture in the northeastern United States noted increased abundances of these species
in recently harvested areas (Titterington et al., 1979; Hagan et al., 1997; Campbell et al., 2007) and
greater increases in their abundances after more intensive harvests (King and DeGraaf, 2000). Despite
regional and state level declines, both species moderately increased at large gap sites and were
associated with sites with higher PAH in the third harvest survey period (Fig. 1.3), indicating that the
large gap treatment benefits these species. However, neither species was particularly abundant with
each constituting less than 1% of the total territories recorded.
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Species that declined at AFERP but are increasing regionally include northern parula (Setophaga
americana), blue jay (Cyanocitta cristata), and brown creeper (Certhia americana). Northern parula and
brown creeper are mature forest associates (Moldenhauer et al., 2020; Poulin et al., 2020), and
observed declines in abundance of both species might be attributed to the loss of contiguous closed
canopy and tall trees as a result of harvest treatments. However, these species decreased in abundance
at all three treatments indicating that AFERP harvests may not be a driver of their declines in our study
area. Blue jay is a generalist forest species with large territories that often overlap those of other pairs
(Smith et al., 2020); therefore, blue jay detections might be limited by a territory mapping approach.
Several mature forest-obligate species, such as hermit thrush (Catharus guttatas) and blackburnian
warbler (Setophaga fusca), have declined in abundance at AFERP and have decreasing regional
population trends. Mature forest-associated species could be negatively impacted by AFERP treatments,
though declines of such species both at unharvested control sites and regionally confounds our ability to
identify a causal relationship.
Bird Diversity
As with total bird abundance, two measures of diversity– Shannon’s H’ and species richness–
were similar between the pre-harvest and first harvest survey periods but declined in the third harvest
survey period (Fig. 1.4). Declines in species richness and Shannon’s index in the third harvest survey
period occurred at all AFERP treatment types and no treatment effect was observed; this suggests that
the AFERP harvest treatments are not likely driving observed declines in diversity. The decline in species
richness can be attributed to the fact that, overall, ten fewer species were found in the third survey
period than the first two survey periods. None of the species that were present in the first two survey
periods but absent in the third survey period were particularly abundant during the first two survey
periods such that their absence in the third survey period did not appreciably alter the assemblage
structure.
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Bird Assemblage Composition and Similarity
Despite declines in overall abundance and diversity, avian assemblage composition remained
similar over time and among treatment types. Stability in the avian assemblage over time and among
treatments indicates that the two AFERP silvicultural treatments have retained mature forest bird
species over repeated harvests.
Based primarily on bird abundance and PAH, bird assemblages present at control and small gap
treatments were more similar to one another than to large gap treatments (Fig. 1.3). Based on similarity
among assemblages in ordinal space, it is possible that the gaps within the small-gap treatments are
more similar to gaps that arise naturally in control research areas, while the correlation of PAH with
large-gap treatments in the third survey period suggests that the gaps at large-gap treatments may
present novel habitat conditions after two expansions.

Some divergence in assemblage composition among treatments appears to be taking place in
the third survey period and some early-seral associated bird species increased in abundance at large gap
treatments, though the relative abundance of these species is quite low. Future surveys at these sites
may elucidate differences in the bird assemblage among treatments over the course of the long-term
harvest cycle. Over the first 25 years of the study, both silvicultural treatments appear to support and
maintain mature forest birds despite some variation in response by specific species.
Avian Response to Similar Management Approaches

Avian assemblage response to forest management is well-studied (DeGraaf et al., 1998; King and
DeGraaf, 2000; Holmes et al., 2012; Betts et al., 2013), though comparatively few studies have been
conducted over the course of repeated harvest entries as in this study. With the wide variety of forest
management techniques available to forest managers, it is important to understand how each affects
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breeding birds and other taxa. While more intensive forest management often results in declines of
mature forest-associated species (Keller et al., 2003), less intensive methods can be conducted without
significantly impacting forest bird assemblages (Lent and Capen, 1995; Rankin and Perlut, 2015). Partial
harvesting methods such as group selection and single-tree selection have been shown to support bird
assemblages similar to those found in mature forests (Costello et al., 2000; Faccio et al., 2003). The size
of harvested gaps is an important consideration when evaluating bird response, with smaller gaps less
likely to disrupt mature forest-associated bird species (Germaine et al., 1997; Moorman and Guynn,
2001). The silvicultural systems applied at AFERP represent a model of ecological forestry in which
harvests are conducted in a manner that emulates the natural disturbance regime of the Acadian forest,
in which small gap dynamics dominate (Seymour et al., 2002). The approach developed at AFERP has
been adopted elsewhere, though not broadly (Kern et al. 2017). Results presented here suggest that
abundance and diversity of mature forest-associated wildlife will likely be maintained under natural
disturbance-based silvicultural systems and such systems may be a valuable tool for conservation across
temperate forests.
Conclusions

Avian diversity and abundance have declined at all nine AFERP research areas since the late
1990s. While the declines in total abundance, species richness, and diversity are of conservation
concern, the pattern of decline was not explained by the silvicultural treatments applied. Moreover,
many of the species that have declined in abundance at AFERP are also declining at state and regional
scales. The expanding-group selection with reserves and irregular expanding-group shelterwood with
reserves systems did not significantly alter avian assemblage composition over multiple harvest entries.
Minor changes in the structure of the bird assemblages were noted, which corresponded to habitat
elements associated with the gap harvests. Through use of birds as an indicator taxa, we found support
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for the use of these two silvicultural systems to minimize ecological impacts of timber harvesting and to
maintain mature forest-associated biota.
Management based on regional natural disturbance patterns, a core principle of ecological
forestry, is applicable in any forested system. This approach to forestry is most appropriately
implemented by managers and landowners whose primary goals include maintaining forest cover (i.e.,
preventing conversion to non-forest types), conserving mature forest habitat for a variety of taxa,
maintaining aesthetically appealing forest structure, and earning regular income from periodic timber
harvests. This study provides support that natural disturbance-based silviculture, in the form of
expanding-gap and irregular shelterwood systems, offers options to landowners interested in active
forest management while maintaining a mature forest ecosystem.
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CHAPTER 2
BIRD PREFERENCES FOR RETAINED TREES VARIES BY SPECIES WITHIN
NATURAL DISTURBANCE-BASED GAP HARVESTS
Abstract
Retention of mature trees within harvested areas can be used to ameliorate the negative
ecological impacts of intensive timber harvests. Avian response to management approaches that include
retention are frequently focused on the assemblage level. Retention within harvested gaps is a key
feature of two silvicultural approaches studied here. While the foraging behaviors of forest birds in
relation to forest structures has received attention, avian use of individual retention trees in harvested
gaps has not been studied. In order to determine if birds preferred particular tree types, observational
surveys of retained trees were conducted in three different types of gaps. Data was collected on the
species of birds observed, the trees they used, and the duration of their uses. For the nine most
frequently observed bird species, the Vanderploeg-Scavia index was used to calculate bird preference
for tree type, gap type, and tree type within each gap type. This revealed that each bird species
demonstrated unique preferences for tree types. Most preferences were consistent with the broader
forest type associations of each species. All of the most frequently observed bird species are matureforest associates, indicating that the retained trees within gaps provide habitat features post-harvest.
Bird species’ preferences for tree type was generally consistent with broader forest type associations.
Bird preference for gap type was varied, though nearly all bird species avoided the smallest gaps. Thus,
managers should consider using a range of gap sizes, particularly those like the larger gaps studied here
(mean sizes 0.22 ±0.02-0.42 ±0.07 ha), in silvicultural prescriptions. The breadth of tree types preferred
by frequently observed bird species points to the importance of retaining diverse tree species in gaps.
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Introduction
Retention forestry is forest management that retains biological legacies and structures in the
long-term (Gustafsson et al., 2012) as individual trees (dispersed retention) or groups (aggregate
retention). It promotes forest regeneration and structural diversity post-harvest (Franklin et al., 1997;
Ashton and Kelty, 2018) and thus ameliorates negative ecological impacts of timber harvesting
(Lindenmayer et al., 2012a; Fedrowitz et al., 2014; Mori and Kitagawa, 2014) and supports biodiversity
in both the short-term and long-term (Baker et al., 2015; Martínez et al., 2020). Retention trees provide
habitat structures in clearcuts that are important for forest taxa even though they do not fulfill the same
structure or function as mature forests (Matveinen-Huju et al., 2006; Gustafsson et al., 2010). In
particular, large old trees are important ecosystem components that provide unique habitat features
such as cavities and deeply fissured bark (Mazurek and Zielinksi, 2004) and they are declining in
abundance across the globe (Lindenmayer et al., 2012b). Retention is an integral feature of ecological
forestry approaches as retained trees provide legacy structures and support natural stand development
(Seymour and Hunter, 1999; North and Keeton, 2008).
Retention is a feature of many silvicultural approaches and studies of the benefits of retention
usually focus on the maintenance of biodiversity. Forest bird species are highly specialized, utilizing
narrow niches during the breeding season (Sabo, 1980: Urban and Smith, 1989; Unno, 2002),
concentrating foraging activity in specific tree species and portions of trees (MacArthur, 1958; Holmes
and Robinson, 1981). Forest management activities alter forest structures and consequently the niches
available to birds (Franzreb, 1978; Lara et al., 2015). Retaining mature trees in harvested areas has the
potential to provide important habitat structures for birds. Studies of avian response to retention
practices are usually focused on bird assemblages at larger forest scales with varied species-specific
benefits (Rodewald and Yahner, 2000; Otto and Roloff, 2012; Basile et al., 2019). In more extensively
harvested landscapes and clearcut areas, higher rates of retention (10-20 percent of initial tree density)
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in harvested areas can accommodate mature forest birds in the short term (Tittler et al., 2001;
Söderström, 2009), though most mature forest-associated bird species were more abundant in
unharvested areas. In partial harvesting silvicultural systems, like an irregular shelterwood system,
retention of mature trees has been linked to greater abundance and diversity of forest birds (Hanle et
al., 2020). The spatial arrangement of retained trees is also an important consideration, retention of
clumps of mature trees has been associated with the continued presence of mature forest birds (Scheick
et al., 2000), while scattered retention trees lead to increased abundances of parkland-associated birds.
In the experiment central to this study, retention trees are important components in two
natural disturbance-based silvicultural systems, expanding-group selection with reserves and irregular
expanding-group shelterwood with reserves (Saunders and Wagner, 2005). Other studies have
examined bird foraging ecology in relation to specific trees in various forest systems (MacArthur, 1958;
Robinson and Holmes, 1982; Narango et al., 2019). However, bird use of retained trees within gaps is
understudied, particularly with respect to non-foraging related uses. Examining species-specific bird use
of a variety of tree species can improve understanding of the ecological role of these forest features and
inform recommendations for the implementation of retention within silvicultural systems.
The goal of this research was to assess avian use of retained trees within harvested gaps in order to
inform forest management prescriptions for mature tree retention. The first objective was to compare
avian use and preference for three types of harvested gaps. The second objective was to identify
preferred retained tree types for the abundant bird species. The third objective was to compare avian
preference for trees among gap types. Though understanding the functional role of retained trees in
gaps for birds is also important, individual bird behaviors not consistently observable making an
evaluation of retained tree function constrained in this study
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Methods
Study Area
Research was conducted at the Penobscot Experimental Forest (PEF), in Bradley and Eddington
Maine (44.880051 N, -68.656981 W). The PEF is a facility jointly owned and managed by the University
of Maine and the US Forest Service and is dominated by Acadian mixedwood forest (Arsenault et al.,
2011; Sendak et al., 2003). Dominant tree species include eastern white pine (Pinus strobus), eastern
hemlock (Tsuga canadensis), red spruce (Picea rubens), as well as red and sugar maple (Acer rubrum and
Acer saccharum) and bigtooth and trembling aspen (Populus grandidentata and Pupulus trumuloides).
Within the PEF, the Acadian Forest Ecosystem Research Program (AFERP) is a long-term experimental
application of natural disturbance-based silviculture initiated in 1994. AFERP treatments were designed
to mimic the natural-disturbance regime of the Acadian forest (Saunders and Wagner, 2005), in which
small gaps within forests are common and predominantly created by windthrow (Seymour et al., 2002).
Three silvicultural treatments were installed 1) an unharvested control, 2) expanding-group selection
with reserves (hereinafter small gap treatment) and 3) irregular expanding-group shelterwood with
reserves (hereinafter large gap treatment), with three replicates of each treatment (Fig. 2.1). Each of
these nine AFERP research areas is approximately ten hectares in size (mean=10.2, range=9.5-10.9). For
the large gap treatment, 20 percent of the research area is harvested in five entries every ten years
followed by a fifty-year resting period; each new harvest is situated to expand previously harvested
gaps. For the small gap treatment, ten percent of the research area is harvested every ten years over a
100-year rotation. The small gap treatment also utilizes an expanding-gap method, though distinct gaps
were created in the first two entries and are expanded every 20 years thereafter.
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Figure 2.1. One complete replicate of AFERP treatments. RA 1 is representative of the large gap
treatment, RA 2 the small gap treatment, and RA 3 an unharvested control in the Penobscot
Experimental Forest. The two types of small gaps can be seen in RA 2. Expanded-small gaps involved
initial gap creation in the first entry (yellow) and expansion in the third entry (red). Small gaps were
created in the second entry (orange) and had not yet been expanded.

Both gap treatments included tree retention of both reserve trees and overwood to provide
shade, seeds, and structure for wildlife (see Fig. 2.2 for examples). Reserve trees are mature trees that
were designated to never be cut. Overwood was considered growing stock intended to eventually reach
merchantable size and to provide seed sources for regeneration in areas with fewer seedlings (Carter et
al., 2017a). Retention trees were scattered throughout each harvested gap. The large gap treatment
included a retention target of ten percent of the initial stand basal area and the small gap treatment
targeted retention of 20 percent initial stand basal area, while each treatment included one to eight
percent of the initial stand basal area as temporary overwood. Retention trees were grouped based on
their genus with snags as a separate group, hereinafter referred to as tree types. Pine included eastern
white pine and red pine (Pinus resinosa), spruce included red spruce and white spruce (Picea glauca),
hemlock included only eastern hemlock, cedar was comprised entirely of northern white cedar (Thuja
occidentalis), and oak included only northern red oak (Quercus rubra). Maple included red and sugar
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maple; aspen included bigtooth and quaking aspen; birch included both paper birch (Betula papyrifera)
and yellow birch (Betula alleghaniensis); and ash included white (Fraxinus americana) and black
(Fraxinus nigra) ash. Snags were included as a tree type and defined as any dead tree standing at greater
than a 45-degree angle. Tree types that were observed in abundances (n≥80) that allowed for assessing
bird preference were included in all analyses of preference. A summary of inventory data from 2015
including the mean diameter and density (trees per hectare) of each type of tree located within gaps,
both overwood and reserve trees, is included in Table 2.1. Inventory methods are described by Saunders
and Wagner (2005). As snags were not included in this inventory, diameter at breast height (DBH) of a
sample of 12 snags within each gap type were measured in 2020 and summarized in Table 2.1. As this
sample does not represent the total number of snags within harvested gaps, density per hectare was not
calculated for snags.

Figure 2.2. Retention trees within a large gap (L) and an expanded-small gap (R). Photos courtesy of Carl
Pohlman.
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Table 2.1. Number of sampled trees and mean diameter at breast height (DBH; cm) of each tree type
(genera and snags) retained (as both reserve and overwood) in each gap type. DBH data were sourced
from timber inventories conducted in 2015 at six actively managed research areas within the Penobscot
Experimental Forest, Bradley and Eddington, Maine.
Small
Expanded Small
Large
Total
Tree
Type

Sampled
Mean
trees
DBH (cm)

Pine
Spruce
Hemlock
Cedar
Aspen
Ash
Maple
Oak
Birch
Snags
Total

57
46
39
19
2
15
71
18
20
23
310

39.2
22.0
26.6
21.8
37.9
25.3
21.7
32.8
14.6
21.2
26.9

Sampled
trees

Mean
DBH (cm)

Sampled
trees

Mean
DBH (cm)

Sampled
Trees

189
61
69
60
55
31
208
54
64
61
852

26.3
16.7
21.4
21.1
20.6
23.9
20.6
NA
20.0
23.7
21.3

347
209
241
97
26
40
138
118
74
155
1445

41.8
17.7
8.4
12.9
25.4
21.7
7.1
15.4
14.9
23.0
18.4

593
316
349
176
83
86
417
190
158
239
2607

Since initiation of the experiment in 1994, three harvests were conducted at each of the actively
managed research areas, the large gaps have been expanded twice, while only half of the small gaps
have been expanded. Gaps were categorized in three groups: large, expanded-small (gaps at small gap
treated sites that have been expanded), and small (gaps at small gap treated sites that have not been
expanded). At present, large gaps average 0.42 ±0.07 ha, expanded-small gaps 0.22 ±0.02 ha, and small
gaps 0.11 ±0.01 ha.
Retention Tree Observations
From mid-May to early-July in 2020 and 2021, observers conducted tree-centric observations of
retained trees within three to five gaps per day. Each gap type was sampled in roughly even quantities.
Within a research area, the gaps were sampled randomly, with the stipulation that small and smallexpanded gaps be alternated to ensure they were sampled equally and to avoid bias for the time of day.
Tree-centric observations were not conducted during periods of sustained precipitation or during
periods of high wind (>10 km/hr) as these factors inhibited bird observation.
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Tree-centric observational surveys were conducted by an observer seated at the edge of a gap in a
position that maximized the number of retained trees in view. A tree was only counted as in view if the
entirety of the crown on the side of the tree facing the observer was within the harvested gap and
visible. Observers sat in different locations at different visits to each gap to ensure that a different set of
trees was visibile. During a 30-min observation period, the observer recorded the type of gap being
observed, the number and types of the retention trees in view, the species of any birds that used the
trees, and duration that each bird used a tree. If a bird departed the tree without being seen, the
duration end time was determined from the last instance the bird was seen or heard.
Analyses
Tree observation data were organized in a use and expected-use framework (Holmes and
Robinson, 1981; Gabbe et al., 2002). Use was the amount of time a bird used a tree. Expected-use per
individual tree was the amount of time a bird was present during an observational period divided by the
total number of trees visible within the observed gap. Expected-use is evenly distributed across all
available trees, a scenario in which birds have no preference for specific trees. The expected-use time
per tree was multiplied by the number of trees for each tree type available to calculate the expecteduse per tree type. For example, a red-breasted nuthatch (Sitta canadensis) that was present in one
spruce for two minutes would have a use of two minutes for spruce. In the same hypothetical
observation period, two spruce and three pine were observed, thus the expected-use of spruce would
be 0.8 minutes and 1.2 minutes for pine. Use and expected-use times were pooled for each bird species,
among all gaps and in each gap type. To assess bird species preferences for gap types, the same use and
expected-use framework was used. Expected-use for each gap type was calculated by dividing the total
duration of use by a bird species by three (because there are three types of gap being studied) and
assigning that value to each gap type. While use was simply the total accumulated time each bird
species was recorded in each gap type.
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Use and expected-use data were analyzed using a Vanderploeg-Scavia preference index (E*). E*
is bounded between negative one and one with zero representing true neutral preference and facilitates
the rank order comparison of preference or electivity of resources among environments with different
availability of those resources (Lechotiz, 1982). Among other preference indices E* was chosen for its
treatment of resources with variable abundances and its treatment of resources as non-depleting. While
the theoretical maximum value for preference is one, the practical maximum preference value is lower
as this maximum is a function of the number of resources being compared (Equation 2.1).
1
1
𝐸 ∗ = (𝑊𝑖𝑗 − )/(𝑊𝑖𝑗 + )
𝑛
𝑛
Equation 2.1. Vanderploeg-Scavia preference index equation. The use of 1 in place of the selectivity
coefficient (𝑊𝑖𝑗 ) to establish a maximum preference was outlined by Vanderploeg and Scavia (1979b).
E* was used to calculate preference for gap types and tree type for each bird species recorded
at least 18 times and more than three times in at least two gap types over the two years of data
collection (Vanderploeg and Scavia, 1979a). Preference for tree type within each gap type was
calculated for each bird species that was recorded at least four times at each gap type to ensure an
adequate sample size for the assessment of tree preference at each gap type; five species met this
criterion. In all calculations of preference for tree types (n=10) the maximum total preference value was
0.818; while the maximum possible preference value for gap types (n=3) was 0.504. E* was calculated
using the dietr package (Bornstein, 2021) in R version 4.0.5 (R Core Team 2021).
Results
During 235 observation periods, 405 individuals of 37 bird species were recording visiting trees
in gaps, accounting for 1142 observed minutes of use (Table 2.2). Nine bird species were observed using
retention trees for 18 or more visits; the most frequently observed species were pine warbler
(Setophaga pinus), black-and-white warbler (Mniotilta varia), and black-throated green warbler
(Setophaga virens).
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Table 2.2. Number of retention tree uses and duration of uses (minutes) by gap for each of the nine
most frequently recorded birds from tree-centric observations. See Table B.1 for Latin names for each
bird species.
Observed Tree Uses (n)

Total Tree Use Duration (min)

Small

ExpandedSmall

Large

Total

Small

ExpandedSmall

Large

Total

6

17

18

41

7

22

26

55

3

5

13

21

4

13

35

52

11

9

18

38

40

22

46

108

Eastern woodpewee

3

12

3

18

3

28

6

37

Northern parula

6

7

11

24

41

30

33

104

Pine warbler

4

6

43

53

11

20

164

195

Red-breasted
nuthatch

4

11

18

33

8

36

34

78

Red-eyed vireo

2

10

7

19

6

39

18

63

Yellow-bellied
sapsucker

3

11

10

24

22

30

14

66

Bird Species
Black-and-white
warbler
Blackburnian
warbler
Black-throated
green warbler

Birds broadly preferred large and expanded-small gaps more than small gaps (Fig. 2.3). No
species had a comparatively strong preference for retention trees in small gaps with only two species,
black-throated green warbler and northern parula (Setophaga americana), showing relatively weak,
perhaps negligible, preference for small gaps. Three bird species, eastern wood pewee (Contopus
virens), red-eyed vireo (Vireo olivaceus), and yellow-bellied sapsucker (Sphyrapicus varius), preferred the
expanded-small gaps and avoided both other gaps types. Blackburnian warbler (Setophaga fusca) and
pine warbler preferred large gaps and avoided other gap types. Black-and-white warbler and redbreasted nuthatch preferred large and expanded-small gaps and avoided small gaps. Compared to other
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species, northern parula did not show a strong preference for any gap type. Pine warbler preferred large
gaps more than any other species did and avoided both small and expanded-small gaps.

Figure 2.3. Preference for gap type for the nine most frequently recorded bird species during treecentric observations. Vanderploeg-Scavia preference index values range from a maximum preference
indicated by the dashed line (0.504) to total avoidance (-1). See Table B.1 for common names, Latin
names, and codes for each bird species.
Each of nine bird species demonstrated different preferences for tree types (Fig. 2.4). Pine
warbler had most strongly preferred pine and avoided nearly all other tree types. Six bird species
avoided aspen and ash, though this is largely due to low abundance of these trees within gaps, meaning
several bird species were not recorded during observational periods during which aspen was available.
Yellow-bellied sapsuckers demonstrated a preference for oak as did northern parula, though the latter
preferred several other trees as well. Black-throated green, red-breasted nuthatch, and Blackburnian
warblers each preferred softwood trees though their strongest preference varied (Fig. 2.4). Eastern
wood-pewee preferred cedar, pine, and snags. Red-eyed vireo preferred hardwood trees with a
strongest preference for ash and avoided all softwoods.
For five bird species observed at each gap type at least four times, preference for tree type
generally remained consistent across gap types (Fig. 2.5). For example, pine warbler preferred pine trees
in all gap types. In contrast, northern parula and black-and-white warbler showed the most variability in
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tree preference among gap types. Red-breasted nuthatch and black-throated green warbler preferred
softwood trees in each gap type (Fig 2.5), consistent with their overall preference for these trees (2.4).
However, red-breasted nuthatches preferred cedar in only large gaps and avoided it in other gap types.

Figure 2.4. Preference for tree type for the nine most frequently recorded bird species during treecentric observations. Vanderploeg-Scavia preference index values range from a maximum preference
(0.818) to total avoidance (-1). See Table B.1 for common names, Latin names, and codes for each bird
species.
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Figure 2.5. Preference for tree type in each gap type by the five bird species recorded at least four times
in each gap type during tree-centric observations Vanderploeg-Scavia preference index values range
from a maximum preference (0.818) to total avoidance (-1). See Table B.1 for common names, Latin
names, and codes for each bird species.
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Discussion
The core idea of retention forestry, the retention of mature trees within harvested areas, has
been implemented in a number of silvicultural systems as a way to maintain ecological integrity of
harvested areas and increase structural diversity post-harvest (Franklin, 1997; Gustafsson et al., 2012).
Avian response to these approaches often demonstrates that retention can provide breeding habitat for
mature forest birds in a managed landscape (Tittler et al., 2001; Venier et al., 2015). Individual trees
have been noted as important ecological features in many habitats and for many taxa (Mazurek and
Zielinkski 2004; Manning et al., 2006; DeMars et al., 2010; Hanle et al., 2020). Forest bird species
typically utilize specific tree species or genera and often utilize particular structures of trees for foraging
to avoid interspecific competition (MacArthur, 1958; Wood et al., 2012).
In the present study, each of the nine most frequently observed bird species typically breeds in
mature forests. Overall, the use of these retention trees by mature forest obligate bird species indicates
that these trees maintain ecological function and continue to provide useful resources to forest birds in
recently harvested areas. The research areas did not contain gaps lacking retention so we are unable to
assess if the absence of the retained trees would eliminate use of the gaps by these bird species.
Each bird species displayed specific preferences for tree type and gap type. Pine warbler showed
the strongest preference of any species analyzed, consistently showing a preference for pine and
avoidance of nearly all other tree types (Fig. 2.4), regardless of gap type (Fig. 2.5). The association
between pine warbler and pine trees is well documented across its range (Repenning and Labisky, 1985;
DeGraaf et al., 1991; Foss, 1994; Rodewald et al., 2020). Pine warbler also preferred large gaps (Fig. 2.3),
perhaps reflecting that pine warblers are associated with low levels of subcanopy and shrub cover
(Schroeder, 1982), as one would find in recently harvested areas.
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Three species, black-throated green warbler, red-breasted nuthatch, and Blackburnian warbler,
preferred coniferous trees (Fig. 2.4) regardless of gap type (Fig. 2.5). These species all utilize coniferous
forest habitats for foraging and nesting and their preference for these trees is consistent with the
broader understanding of their behavior and habitat associations within mixedwood forests (Morse,
2020; Ghalambor and Martin, 2020; Morse and Poole, 2020). Each of these three bird species had
strongest preference for a different tree type (Fig. 2.4), perhaps as a result of niche partitioning. Niche
partitioning amongst Blackburnian, black-throated green, and other warblers is a well-known
phenomenon in softwood-dominated forests (MacArthur, 1958) limiting these species to specific
foraging zones or strata. The extent to which these birds limited their foraging to certain strata was
beyond the scope of this study as specific locations within trees were not noted and unobservable at
times from the observer’s position.
Red-eyed vireo preferred hardwood trees (Fig. 2.4), which is consistent with range-wide habitat
associations with deciduous forests (Cimprich et al., 2020). Studies of foraging ecology of red-eyed
vireos suggest that preference for tree type might vary regionally (Holmes and Robinson, 1981; Donahoe
1987). In mixedwood forests, such as those studied here, red-eyed vireos are generally associated with
hardwood components (Hamel, 1992), especially when in the presence of congeneric blue-headed
vireos (Vireo solitaries; Hudman and Chandler, 2002), as was the case at the PEF. Red-eyed vireos
showed the strongest preference for ash, though red-eyed vireos are typically associated with oak- and
maple-dominated forests (Siepielski et al., 2001). This preference for ash (Fraxinus s.) is not reflected in
the literature and may represent an important aspect of their resource use in the Acadian forest.
However, ash was observed infrequently (Table 2.1) such that a few instances of use may lead to an
inflated E* value. Red-eyed vireos also showed a preference for expanded-small gaps, this is consistent
with their association with high levels of canopy closure and avoidance of areas with more open subcanopies (James, 1976). More recently created small gaps likely have comparatively younger
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regeneration and less sub canopy sized vegetation than expanded-small gaps, which were created
earlier and have subsequently had more time for regeneration to age.
Eastern wood-pewee is a flycatcher species that forages by sallying from a perch to catch aerial
insects (Watt et al., 2020). Although they are generally considered a hardwood associate, wood-pewees
demonstrated preferences for softwood tree types and snags and avoided all hardwood trees (Fig. 2.4).
Pewees rely on exposed perches adjacent to openings and edges from which to conduct aerial foraging
activity (Fitzpatrick, 1980); it is likely that their preference for pine, snags, and cedar trees (Fig. 2.4)
reflects features of the branch architecture of these trees that creates an increased availability of open
perches. Anecdotally, many of the snags studied here retained branches while many of the larger pine
trees that were retained within gaps have lower branches that are shorter and free of needles because
of past self-pruning. These features likely act as ideal foraging perches for wood-pewees, which may
have led to the preference for these tree types.
Yellow-bellied sapsuckers preferred hardwood species, particularly oak and birch, and showed a
weaker preference for snags (Fig. 2.4). Sapsuckers create sap wells in live trees for foraging (Walters et
al., 2020) and focus drilling behavior on hardwood trees that have wounds or are otherwise in poor
health (Eberhardt, 2000). Only two instances of sap well use were observed during retention tree
observations, both occurred within small gaps. Anecdotally, one sap well was located on an oak and the
other on an aspen, though these observations are insufficient for broader inference. A previous study
suggested that sapsuckers appear to select individual trees based on their characteristics rather than
their location (Eberhardt, 1994); this would suggest that tree selection by sapsuckers is less likely to be
influenced by the tree’s location relative to harvested gaps and more related to tree type or the
condition of individual trees.
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Black-and-white warbler demonstrated the most diverse tree preferences with positive, though
relatively weak, E* values for seven tree types (Fig. 2.4). Black-and-white warbler has a distinct habit of
utilizing bark on trunks and branches of trees as foraging substrate (Kircher, 2020). The type of tree is
likely less important to this foraging niche, making the black-and-white warbler a generalist for tree type
despite the relative specialization of its foraging behavior.
Perhaps the most confounding pattern of preference was that of northern parula. Parulas
demonstrated a preference for pine and oak across gap types (Fig. 2.4) and varied preferences for tree
types within each gap type, preferring spruce, hemlock, aspen and maple at various gap types (Fig. 2.5).
While parulas were recorded most frequently in large gaps, they were found in similar frequencies
across all gap types (Table 2.2) and did not demonstrate a much stronger preference or avoidance of any
gap type. The lack of preference for gap type and variable preference for tree type suggest a generalist
life history. Northern parula is a species generally associated with tall conifer trees with high amounts of
moss (Moldenhauer and Regelski, 2020), though it is also known to occupy hardwood forests with tall
trees (Morgan and Freedman, 1986). Findings presented here indicate that parulas preferred large trees
of nearly any species and will readily use these trees in harvested gaps up to 0.49 ha in size.
Within a mixedwood forest ecosystem, each bird species had unique tree preferences. Each bird
species’ preference for specific tree types was broadly consistent with that bird species’ association with
certain forest types. For example, bird species associated with softwood forests preferred softwood
trees. The use of retention trees within recently harvested gaps by mature forest-associated bird species
indicates that these trees provided important resources despite their placement in a recently harvested
area. Future research should determine if use of retained tree types in gaps is similar to use in
unharvested mature forest. The varied bird preferences for tree types indicates that retaining a diversity
of tree types in harvested areas aids in supporting a diverse assemblage of mature forest birds post-
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harvest. While preference for gap type varied and was not often strong, small gaps were almost
uniformly avoided by the frequently observed bird species. This avoidance could be a result of the
limited number of trees within gaps compared to the other gap types. Despite this, these small gaps
represent an important aspect of the expanding-group selection with reserves silviculture system as the
expanding gap approach used relies on having gaps to expand.
Each tree type was preferred by a unique combination of birds, such that no subset of trees
could substitute adequately for the whole. Though snags were avoided by seven of the nine most
abundant bird species, this does not mean snags are not important habitat components. In addition to
the two bird species that preferred snags, other less abundant species found in the study (e.g.
woodpeckers) are associated with snags. Additionally, snags provide vital resources for saproxylic taxa.
Thus, geographically relevant guidelines for snag retention should be incorporated into harvest
planning. Managers should designate a diversity of tree types (live and dead) for retention to
accommodate a diverse assemblage of bird species.
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APPENDIX A

Figure A.1. Rank abundance curves for each treatment type in each of three survey periods. Species
were ranked along the x-axis in descending order of relative abundance with their proportion of total
abundance presented on the y-axis. Abbreviations, common, and binomial bird species names can be
found in Table A.1.
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b

a

Figure A.2. Shepard plot (a) and scree plot (b) of the NMDS ordination. High non-metric fit in the
Shepard plot indicates that initial dissimilarity was preserved in the resulting ordinal configuration. A
stress value of 0.145 at two dimensions indicates the ordinal configuration preserved initial dissimilarity
such that additional dimensions were not considered.
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Table A.1. Abbreviated, common, and Latin names of all territorial birds found on territory mapping
surveys at AFERP in 1995-1998, 2020, and 2021. Naming conventions are consistent with AOS checklist
(Chesser et al., 2021).
Latin Name
Species Code Common Name
Ovenbird
Seiurus aurocapilla
OVEN
Northern parula
Setophaga americana
NOPA
Blackburnian warbler
Setophaga fusca
BLBW
Black-throated
green
warbler
Setophaga virens
BTNW
Red-eyed vireo
Vireo olivaceus
REVI
Black-capped chickadee
Poecile atricapillus
BCCH
Hermit thrush
Catharus guttatus
HETH
Red-breasted
nuthatch
Sitta canadensis
RBNU
Black-throated blue warbler
Setophaga caerulescens
BTBW
Blue-headed vireo
Vireo solitarius
BHVI
Black-and-white warbler
Mniotilta varia
BAWW
Brown
creeper
Certhia americana
BRCR
Yellow-bellied sapsucker
Sphyrapicus varius
YBSA
Golden-crowned kinglet
Regulus satrapa
GCKI
Blue jay
Cyanocitta cristata
BLJA
Winter
wren
Troglodytes hiemalis
WIWR
Eastern wood-pewee
Contopus virens
EWPE
Yellow-rumped warbler
Setophaga coronata
MYWA
Scarlet tanager
Piranga olivacea
SCTA
Veery
Catharus fuscescens
VEER
Pine warbler
Setophaga pinus
PIWA
Hairy woodpecker
Dryobates villosus
HAWO
Canada warbler
Cardellina canadensis
CAWA
Magnolia
Warbler
Setophaga magnolia
MAWA
Least flycatcher
Empidonax minimus
LEFL
Brown-headed cowbird
Molothrus ater
BHCO
Great-crested flycatcher
Myiarchus crinitus
GCFL
Ruffed
grouse
Bonasa umbellus
RUGR
American robin
Turdus migratorius
AMRO
Purple finch
Haemorhous purpureus
PUFI
Pileated woodpecker
Dryocopus pileatus
PIWO
Northern
waterthrush
Parkesia noveboracensis
NOWA
White-throated sparrow
Zonotrichia albicollis
WTSP
Nashville warbler
Leiothlypis ruficapilla
NAWA
Common yellowthroat
Geothlypis trichas
COYE
Barred
owl
Strix varia
BAOW
Wood thrush
Hylocichla mustelina
WOTH
Tennessee warbler
Leiothlypis peregrina
TEWA
Downy woodpecker
Dryobates pubescens
DOWO
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Species Code
EVGR
MODO
SWTH
CEWA
NOFL
NOGO
PISI
RTHU
WBNU
WITU
CONI
BWHA

Common Name
Evening grosbeak
Mourning dove
Swainson’s thrush
Cedar waxwing
Northern flicker
Northern goshawk
Pine siskin
Ruby-throated hummingbird
White-breasted nuthatch
Wild turkey
Common nighthawk
Broad-winged hawk

Latin Name
Coccothraustes vespertinus
Zenaida macroura
Catharus ustulatus
Bombycilla cedrorum
Colaptes auratus
Accipiter gentilis
Spinus pinus
Archilochus colubris
Sitta carolinesis
Meleagris gallopavo
Chordeiles minor
Buteo platypterus
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Table A.2. Regional and local population trends of all bird species. Breeding Bird Survey (BBS) trends at
regional (Atlantic Northern Forest Bird Conservation Region; BCR) and state levels (Maine) from Sauer et
al., 2020. Change in mean abundance at all AFERP research areas, and at each treatment type, are
included for all species observed on AFERP bird surveys. The change in abundance at AFERP was
calculated as the difference in mean abundance between 2020-21 and 1995-1998. Species are ordered
based on relative abundance from highest to lowest.
Breeding Bird Survey
Change in mean abundance at AFERP
Trend
-1
Trend (% yr )
(1990s to 2020s)
Direction
Total
Control
BBS
AFERP
Species
BCR
ME
Small Gap Large Gap
↗
↗
OVEN
0.49
0.26
1.48
1.75
2.04
1.50
↗
↘
NOPA
1.53
0.47
-2.06
-2.21
-2.33
-0.90
↘
↘
BLBW
-0.83
-1.87
-2.35
-1.35
-2.63
-2.13
↘
↗
BTNW
-0.32
-1.18
0.60
0.42
0.42
1.82
↗
↘
REVI
1.2
0.67
-0.44
0.21
-1.29
0.12
↘
↘
BCCH
-0.13
-1.87
-1.33
-1.08
-1.63
-0.63
↘
↘
HETH
-1.52
-2.69
-1.44
-1.13
-1.96
-0.70
↘
↘
RBNU
-1.42
-0.297
-0.66
-0.88
-0.58
0.00
↘
↘
BTBW
-0.05
0.26
-0.74
-1.67
-0.58
0.50
↗
↘
BHVI
1.26
0.54
-0.68
-0.35
-0.42
-0.90
↘
↗
BAWW -2.13
-3.96
2.28
2.04
2.04
3.12
y
y
↗
↘
BRCR
1.42
0.56
-1.31
-1.13
-1.42
-1.10
↗
↗
YBSA
2.26
3.37
0.08
0.46
0.08
-0.03
↘
↘
GCKI
-1.92
-4.18
-1.29
-1.15
-1.79
-0.70
↗
↘a
BLJA
0.89
0.78
-1.51
-1.54
-1.67
-1.07
↘
↘
WIWR
-2.13
-2.71
-0.44
-0.33
-0.42
-0.42
↘
↗
EWPE
-1.89
-2.84
0.04
-0.29
0.21
0.28
↘
↘a
MYWA
-1.86
-3.56
-1.07
-1.08
-0.96
-0.93
↘
↘
SCTA
-1.75
-2.68
-1.00
-1.08
-1.25
-0.57
↘
↘
VEER
-2.34
-3.48
-0.05
-0.83
0.42
0.33
↗
↗
PIWA
5.43y
3.99
1.03
1.04
0.54
1.60
↗
↘
HAWO
2.15
3.22
-0.62
-0.54
-0.50
-0.63
y
↘
↘
CAWA
-3.83
-4.6
-0.31
-0.13
-0.08
-0.47
↘
↗
MAWA -0.86
-2.32
0.07
0.00
0.08
0.40
↘
↗
LEFL
-2.71
-5.4
0.10
0.52
-0.17
-0.03
BHCO
-6.54
-6.59
-0.40
-0.58
-0.33
-0.12
↘
↘a
GCFL
-1.59y
-1.4
-0.13
-0.42
-0.13
0.23
↘
↘
y
RUGR
0.91
0.46
0.19
-0.25
0.25
0.63
↗
↗
AMRO
-1.07
-1.45
-0.29
-0.54
-0.08
-0.20
↘
↘
PUFI
-0.54
-2.61
-0.34
-0.08
-0.33
-0.47
↘
↘a
PIWO
2.08y
2.02
-0.19
-0.33
-0.17
-0.07
↗
↘a
NOWA
-1.53
-1.84
-0.14
-0.38
-0.25
0.08
↘
↘
WTSP
-1.53
-3.4
0.30
0.00
0.00
0.97
↘
↗
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Breeding Bird Survey
Change in mean abundance at AFERP
-1
Trend (% yr )
(1990s to 2020s)
Total Control
Species
BCR
ME
Small Gap Large Gap
NAWA
-2.48
-5.06
-0.13
0.00
-0.29
-0.07
COYE
-0.65
-1.83
0.08
0.00
-0.08
0.37
z
z
BAOW
1.08
1.19
0.08
0.17
0.00
0.08
WOTH
-6.11
-7.8
-0.03
-0.08
0.00
0.00
TEWA
-7.84
-2y
-0.09
0.00
-0.25
0.00
DOWO
0.8
0.9
-0.06
0.00
0.00
-0.13
z
EVGR
-12.18
-20.75
-0.06
-0.08
-0.08
0.00
MODO
0.72
-0.43
0.00
0.00
0.08
-0.08
SWTH
-0.91
0.21
-0.06
0.00
-0.17
0.00
CEWA
-1.65
-2.96
-0.03
0.00
0.00
-0.07
NOFL
-0.9
-1.8
-0.03
-0.08
0.00
0.00
z
z
NOGO
-0.2
-0.2
-0.03
-0.08
0.00
0.00
PISI
-9.66z
-8.4z
-0.03
0.00
0.00
-0.07
RTHU
1.36y
2.23y
-0.03
-0.08
0.00
0.00
WBNU
1.01
0.49
0.06
0.00
0.17
0.00
y
z
WITU
14.83
22.14
0.06
0.00
0.00
0.17
CONI
-2.78z
-1.35z
0.06
0.00
0.00
0.17
y
y
BWHA
1.54
1.5
0.06
0.17
0.00
0.00
a; No territories identified in 2020 or 2021 (15)
b; species not found at AFERP in 1995-1998 (4)
y: imprecise estimate based on BBS guidance (13)
z; very imprecise estimate based on BBS guidance (10)
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Trend
Direction
BBS AFERP
↘
↘
↗
↘
↘
↗
↘
↘
↘
↘
↘
↘
↘
↗
↗
↗
↘
↗

↘a
↗
↗
↘
↘a
↘a
↘a
–
↘a
↘a
↘a
↘a
↘a
↘a
↗b
↗b
↗b
↗b

APPENDIX B
Table B.1. Alpha codes, common names, and Latin names of the nine most frequently recorded bird
species during retention tree observational surveys at six actively managed research areas within the
Penobscot Experimental Forest, Bradley and Eddington, Maine. Naming conventions are consistent with
the most recent American Ornithological Society checklist (Chesser et al., 2021).
Species Code Common Name
Latin Name
NOPA
Northern parula
Setophaga americana
BLBW
Blackburnian warbler
Setophaga fusca
BTNW
Black-throated green warbler Setophaga virens
REVI
Red-eyed vireo
Vireo olivaceus
RBNU
Red-breasted nuthatch
Sitta canadensis
BAWW
Black-and-white warbler
Mniotilta varia
YBSA
Yellow-bellied sapsucker
Sphyrapicus varius
EWPE
Eastern wood-pewee
Contopus virens
PIWA
Pine warbler
Setophaga pinus
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